-INTRODUCTION
Recent archaeological and palaeoenvironmental studies carried out in different western and central European mountains provide a new concept of mountainous areas since they revealed significant evidence of upland human occupation and landscape management that can be traced back to the Mesolithic period (for example, in Pyrenees (Galop, 1998; Rendu, 2003; Miras et al., 2007 Miras et al., , 2010 Palet et al., 2007; Ejarque et al., 2009 Ejarque et al., , 2010 Mazier et al., 2009 ), in Jura (Gauthier, 2004 Richard & Ruffaldi, 2005) , and in Alps (Oeggl & Wahlmüller, 1993; Moe & Hjelle, 1999; Walsh & Richer, 2006; Court-Picon, 2007) ). However, such interdisciplinary studies are still scarce in the whole French Massif Central (Miras et al., 2003 (Miras et al., , 2004a Argant & Cubizolle, 2005; Stebich et al., 2005; Prat, 2006; Pulido Avil, 2006; Jouffroy-Bapicot et al., 2007; Trément et al., 2007; Surmely et al., 2009) and do not concern the Limousin area located in the north-western part of the French Massif Central at all. Moreover, despite two isolated case studies (Diot in Allée et al., 1997; Valadas & Marambat, 1999) , previous pollen analyses carried out in the Limousin were focused on Holocene vegetation history (Denèfle et al., 1980; Guenet, 1993) and provided pollen diagrams with a low spatio-temporal resolution preventing a detailed land-use history reconstruction.
This paper presents the results of the first pollen analyses carried out in the Limousin, and more particularly in the upper part of this area called the "plateau de Millevaches", with the following overall objectives:
-to more accurately determine the regional Holocene vegetation changes, and -to draw the first rhythms in the human impact history from the Neolithic to the Roman period on a regional scale.
The pollen data presented come from four peat sequences -one of them studied at a high temporal resolutionsituated in the "plateau de Millevaches" (French Massif Central). They are also compared with one peat sequence situated at a lower altitude in the northern Limousin uplands called "Monts d'Ambazac" ( fig. 1 and tab. 1).
-STUDY AREA
The "plateau de Millevaches" (pdM) is a granite plateau (150 km long and 40 km wide) located in the north-west of the French Massif Central. Ranging in altitude from 700 to 900 m a.s.l., it is the highest part of the "Montagne Limousine". This region is characterized by an oceanic-montane climate. The mean annual temperature is about 7.5°C and the mean annual rainfall varies from 1600 to 1700 mm (Valadas & Allée, 2000) . The main part of the pdM lies in the montane Fagion belt with forests dominated by Fagus sylvatica, but vegetation communities belonging to the Quercion belt are also very developed (Vilks, 2000) . The present day pdM landscape is largely reforested (Picea abies, Pseudotsuga menziesii, etc.) and is mainly characterized by heath vegetation, meadows, pastures and isolated arable lands.
-MATERIAL AND METHODS
Cores were extracted between 2000 and 2003 from different peat bogs and fens using a 50 x 5 cm "Russian" corer. Very large mires (over 100 ha) and large ones (about 50 ha) were chosen to take into account relevant pollen source areas on a regional scale (Sugita, 1994) .
Samples were taken at various intervals (1, 5 and 10 cm; tab. 1). They were prepared using standard procedures for pollen analysis (Faegri & Iversen, 1989) . Pollen counting was performed using a Zeiss microscope at 500x magnification. Pollen and spores identification followed published illustrations and keys (Faegri & Iversen, 1989; Reille, 1992 Reille, -1999 . Minimum pollen counts of 450 dry land pollen grains per sample were made. Pollen values were calculated as a percentage of total land pollen excluding Cyperaceae, fern spores and aquatic plants. The Anthropogenic Pollen Indicators (API) summary curve shows pollen taxa indicative of human impact (Behre, 1981) , including those underlined by studies on modern pollen assemblages performed in the study area (Miras, 2004 (Miras, , 2009 and in other mountainous environments (Mazier et al., 2009; Ejarque 2010) . Diagrams were plotted using the GpalWin program (Goeury, 1997) .
A total of 16 AMS radiocarbon dates on bulk sediment were performed by the Institüt für Isotopenforschung und Kernphysik (Wien, Austria) and the Vienna Radium Institute (Austria). Dates were calibrated using CALIB 5.0.2 (Reimer et al., 2004 ).
-RESULTS AND INTERPRETATIONS

-DATING
Radiocarbon dates are shown in table 2. Several radiocarbon dates were refused due to their inconsistency with similar well radiocarbon dated regional palaeobotanical events (Denèfle et al., 1980; Guenet, 1993 
-POLLEN RESULTS
Profiles of the 5 pollen diagrams presented are divided into pollen assemblage zones (PAZ) defined by the most important regional taxa. These PAZ are organized in 8 units (U1 to U8) summarizing the major palynological events (fig. 3, 4, 5, 6, 7 and 8; tab. 3):
-U1 (D-a): this unit records the end of the Late Glacial period and its transition to the Preboreal. This period is characterized by a low AP/NAP ratio at around 30 %. Non-arboreal pollen types present a decreasing trend but they still dominate Cyperaceae (20 %) and Poaceae (30 %) in particular, and, to a lesser extent, Apiaceae and Artemisia. Tree pollen is also present such as Juniperus ( •U6-b(L 2 -d 2/3 ; C-d; M-d; R-f 1 ): arboreal taxa show an overall tendency to increase, particularly Fagus (around 5 %) and Quercus which still dominate the arboreal pollen assemblage. Sporadic occurrences of Cerealia pollen-type as well as noticeable percentages of the API group (mainly Galium, Plantago sp., Plantago lanceolata, Rumex, Urtica, Cirsium, Caryophyllaceae and Chenopodiaceae) which remain stable at around 2 % evidence the existence of agropastoral activities; -U8 (L 2 -e 4 ; C-f; R-h; D-e 6 ): the AP/NAP ratio progresses from 20 to 50 %. This result is explained by the overall increasing trend of tree pollen taxa such as Betula (10 %) and Pinus (10 %). Picea is also evidenced and the API regresse (mainly Cerealia pollen types). R -e R -f1 R -f2 U7: gradual landscape opening, strong agricultural and grazing activities widespread. Expansion of the Calluna heath.
U8: agricultural decline, increase of pioneering trees (Pinus) and forestry plantations (mainly Picea)
Tab. 3: Correlation of the pollen assemblage zones evidenced in the studied peat sequences and overview of the main palaeobotanical descriptions.
Tab. 3 : Corrélation des zones d'assemblages polliniques mises au jour dans les séquences tourbeuses étudiées et résumé des principales descriptions paléobotaniques.
10 0 Polypodium   1  3  5  7  9  11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41  43  45  47  49  51  53  55  57  59  61  63  65  67  69  71  73  75  77  79  81  83  85  87  89  91  93  95  97  99  101  103  105  107  109  111  113  115  117  119  121  123  125  127  129  131  133  135  137  139  141  143  145  147  149  151  153  155  157  159  161  163  165  167  169  171  173  175  177  179 fibrous peat fibrous black peat Longeyroux -2 (Corrèze, 800 m a.s.l.) fig. 1 and 3) . Pollen data show a local vegetation dominated by extensive populations of Cyperaceae and Poaceae at around 10800 ± 130 BP (ca. cal. BP). They probably hide the steppic grasslands which were regionally developed on drier soils and scattered by Juniperus. The regression of steppic vegetation at around 10800 ± 130 BP (ca. 11700-12100 cal. BP) is synchronously documented in the rest of the French Massif Central (Reille et al., 1992) . Quercus and Corylus pollen evidence may derive from long-distance transport. Rapid warming and soil accumulation in the early Holocene provided favourable growing conditions for the extension of Betula and Pinus. Although Pinus and Betula are both strong pollen producers, the moderate values of the AP/NAP ratio suggest that the regional woodland cover was probably not important (U2: (Argant & Cubizolle, 2005) . This differs from other areas of the centre of the Massif Central where just Quercus develops between ca. 9500 and 9000 BP (ca. 10800-10100 cal. BP) (Reille et al., 1992 (Reille et al., 1992) , no significant expansion of the oak woodlands is evidenced on the plateau de Millevaches and Corylus remains the main arboreal taxa during the early Atlantic.
-Mid-Holocene
The woodland composition notably changed around 7040 ± 110 BP (ca. (Guenet, 1993) while it tends to be dated around 7240 ± 170 BP (ca. cal. BP) in the rest of the Massif Central (Reille et al., 1992) .
A second phase of vegetation change occurs from 6850 ± 140 BP (ca. 7900-7400 cal. BP) (Guenet, 1993) and 6500 BP (ca. 7300-7200 cal. BP, U5-b: levels fig. 2 , 4, 6 & 7), with the remarkable expansion of a diversified oak woodland. The contemporaneous expansion of Tilia, Fraxinus and Alnus underlines the installation of more mesophilous and humid climatic conditions. The development of Fraxinus is lower in the Limousin (at every altitudinal range) than in neighbouring Artense (Vergne, 1989; Guenet, 1993) . These new pollen data thus confirm that Fraxinus expansion seems to describe an East-West gradient rather than an altitudinal one in the northern French Massif Central.
The diversified oak forests regress from ca. 5500 cal. BP with a gradual decline of Tilia which begins with the spread of Fagus (U6-a: 4800 ± 90 BP, ca (Guenet, 1993) . This chronological discrepancy is accentuated when the plateau de Millevaches is compared with the lower altitude western Loire valley where the first regular occurrences of Fagus are dated between ca. 5100 and 4500 cal. BP (Planchais, 1971; Beaulieu et al., 1991) . The pdM thus appears to be an intermediate zone in the Fagus Holocene expansion between the centre of the mountainous Massif Central and the western valleys. Climatic factors may be an important driving factor behind these asynchronisms in the expansion of Fagus which describes an East-West altitudinal gradient. It can be assumed that the climate reversal between 5600 and 5300 cal. BP (Magny et al., 2006) caused cooler conditions and/or changes in moister conditions which were not sufficient enough to cause a real decline of the diversified deciduous oak forests and their rapid substitution by beech woodlands. Other possible factors -mainly anthropogenic -will be considered below (see 5.2).
Pollen data also evidence a gradual expansion of Fagus on the plateau de Millevaches. Even if the first oak-beech forests start to spread from 4080 ± 60 BP (ca. cal. BP) (Guenet, 1993) , beech populations completely filled the oak woodlands only 0  10  20  30  40  45  50  55  60  65  70  80  85  90  95  100  105  110  115  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270  280  290  301  311  321  331  341 0  5  10  15  20  25  30  35  40  45  50  55  60  65  70  75  80  85  90  95  100  105  110  115  120  125  130  135  140  145  150  155  160  165  170  175  180  182 . (Guenet, 1993) , these new pollen data confirm a total absence of fir populations on the plateau de Millevaches despite an important rainfall which was probably not sufficient enough for its expansion.
-OVERVIEW OF THE HUMAN IMPACT HISTORY
The earliest (Miras, 2004) . These deforestations seem to be devoted more to pastoral purposes since grazing indicators increase more significantly than farming ones ( fig. 8) . Guenet, 1993) . This is also observed at a lower altitude (Miras, 2004) . All this argue in favour of the Roman introduction of these tree taxa in the Limousin.
Unfortunately, the low sedimentation rate recorded at the top of the peat sequences presented prevents us from describing further palaeobotanical events with accuracy. As this paper aims to deal with human/environment interactions from Prehistory to the beginning of the Roman period, pollen assemblages from U7 and U8 will not be discussed here with more precision. Pollen 0  10  20  30  40  50  60  70  80  90  95  100  105  110  120  125  130  135  140  150  160  170  180  190  200  210  220  230  240  250  260  270  280  290  300 314 analyses of new peat sequences have been undertaken to trace roman, medieval and modern human actions related to woodland clearances and land-uses on the pdM. The high sedimentation rate found in these new sequences for the late Holocene will allow us to focus on detailed historical human activities.
-CONCLUSION
This palynological study underlined the singular Holocene vegetation history of the plateau de Millevaches, and it also evidenced the first steps of the long-term land-use history since the early Neolithic. Several environmental phases related to upland human activities were evidenced.
(1) Pollen data suggest a first potential episode of human activity towards ca. 4600-4500 cal. BC (ca. 6600-6500 cal. BP). Similar activities were earlier documented in the neighbouring Auvergne region in both mountain and valley areas. For instance, in the Cantal Mountains, repeated local forest fires are concomitant at the beginning of the 6 th millennium BC with relevant grazing pollen indicators, and the first cereal pollen-types are recorded as early as ca. 5800 cal. BC (Surmely et al., 2009) . Moreover, in the Sarliève valley, archaeological and pollen data evidence a phase of human activity and woodland clearance between ca. 5800-5600 cal. BC (Trément et al., 2005) . Multidisciplinary research carried out in other western European mountains also reflects early occupations of high altitude spaces, mainly between 5500 and 4300 cal. BC (e.g. for Alps (Galop & Vaquer, 2004; Walsh & Richer, 2006) , for Pyrenees (Ejarque et al., 2010) , for Jura massif (Gauthier, 2004; Richard, 2005) etc.). Further research will be necessary to explain this early Neolithic land-use dissimilarity evidenced between the plateau de Millevaches and the Auvergne.
(2) Even if proper radiocarbon dated studies are further needed, the pollen data presented here allow for the first time to depict this medium mountain of the plateau de Millevaches as a complex landscape shaped over a longterm land-use history marked by important thresholds.
a. During the middle to the late Neolithic, from ca. 3700 to ca. 3300 cal. BC (ca. 5700-5300 cal. BP), pollen data document higher agropastoral pressure which enhanced the expansion of grasslands and woodland clearance. Archaeological data also reveal a greater human occupation of the plateau de Millevaches from this period (Lintz, 1992) . This phase was also recorded in Auvergne at ca. 3650-3348 cal. BC in the Chain of Puys (Michelin et al., 2001; Miras et al., 2004a) or in the Madeleine Mounts (Argant & Cubizolle, 2005) and after ca. 3300 cal. BC in the Sarliève valley where a higher intensity of erosion and human settlement evidence an important phase of human impact (Macaire et al., 2010) . This period seems thus to constitute a real threshold in the landscape shaping of mountains and valleys areas in the whole Massif Central.
b. During the early Bronze Age, from ca. 2000 to ca. 1500 cal. BC (ca. 4000-3700 cal. BP), the existence of woodland clearances related to agricultural and grazing activities in all the studied sequences indicated a phase of coincident human pressure and landscape change. Our data also suggest that human-induced forest clearances, in addition to climatic factors, could have played a role in the delayed development of the beech forests in this area. Similar data have been recently advanced in the Morvan massif, which is situated in the North-Eastern boarder of the Massif Central (Jouffroy-Bapicot, 2010). Besides, in the Madeleine Mounts, located in its eastern boarder (Argant & Cubizolle, 2005) , clearances have also been shown at the beginning of the installation of beech woodlands between ca. 2150 and 1600 cal. BC.
(3) Between ca. the 4 th and the 2 nd centuries BC (ca. 2350-2100 cal. BP), large beech and beech-oak woodland clearances are related to an important agropastoral extension. This induced a rapid change towards a humandominated cultural landscape. Archaeological data argue in favour of a more important Lemovices occupation (Lintz, 1992) and suggest that these landscape changes could also be connected to gold exploitation dated from ca. the 5 th and the 1 st centuries BC in the mines located in the Limousin (Corrèze, Haute-Vienne, Dordogne) (Cauuet, 2000) . Moreover, in the lower plateaux of Tulle, close to the plateau de Millevaches, a maximum of gold mining is dated to ca. the 3 rd -2 nd centuries BC, and this phase is concomitant with the appearance of buried mines (Boussicault, 2004) . This technological change implied an important wood supply. The Iron Age / Gallo-Roman transition in the French Massif Central thus appears to be a complex threshold in the shaping of this medium mountain landscape, suggesting important variability in mountain area human management. For instance, similar important landscape openings are evidenced at the La Tène / Gallo-Roman transition at both the Chain of Puys (Miras et al., 2004a) and the Madeleine Mounts (Cubizolle et al., 2004) , a process which culminates in the Cantal around the 3 rd -4 th centuries AD (Surmely et al., 2009) .
(4) A new phase of woodland clearance during the Roman period is accompanied by the development of a diversified land-use system which combined grazing with mixed cereal cultivation. Pollen data testify to the regional cultivation of Secale (rye) as well as the first records of Fagopyrum pollen (Diot et al., 2006) . Further archaeological and palaeoecological studies with systematic archaeobotanical analyses at high spatial and temporal resolution will be necessary to clarify this matter since carpological studies underline its medieval introduction (Ruas, 1992) . Nevertheless, pollen evidence of Fagopyrum is often registered in peat sequences or archaeological sites from different socio-environmental contexts (Marguerie et al., 2009) , putting into question an earlier introduction of this crop. This paper demonstrates firstly that Holocene landscape variability evidenced on the plateau de Millevaches responds to the existence of changing Calluna   10  20  30  40  55  60  70  80  90  100  110  130  120  140  150  160  170  180  200  210  220  230  240  250  260  270  280  290  301  311  321  331  341 human pressure during specific periods. Nevertheless, further palaeoenvironmental multi-proxy analyses combined with archaeological landscape investigations are needed to accurately reconstruct Limousin landuse history from the Neolithic onward. Secondly, these upland land-use thresholds evidenced for the first time in this region are largely in accordance with those underlined in neighbouring Auvergne and other mountains such as those found in the middle to the late Neolithic (from ca. 3700 to ca. 3300 cal. BC) or in the early Bronze Age (from ca. 2000 to ca. 1500 cal. BC) (Miras et al., 2004b) . However, some variability in this land-use model begins to be detected on a regional scale. The chronology of the early Neolithic occupation shown by pollen data in the Limousin, for example, is different from that in Auvergne or the important landscape openings registered in the whole French Massif Central (e.g. Reille et al., 1992; Cubizolle et al., 2004; Pulido Avil, 2006) which occur with different chronologies, suggesting the development of complex and diversified land-use systems on a regional scale. Multi-proxy palaeoenvironmental and archaeological research performed in the southern Pyrenean slope also evidences a temporal and spatial fragmentation, and structuration of upland land-uses on a microregional scale (Ejarque et al., 2010) . Moreover, the study presented here corroborates the importance of agriculture and grazing in causing a long-term and progressive environmental impact on the plateau de Millevaches landscape. Nevertheless, it also questions the hypothesis of Iron Age mining activities. A more complete understanding of mountain land-use systems needs to be based on the existence of a wide range of human practices which were not merely focused on grazing, but also included the exploitation of multiple upland resources. Finally, these results point to the necessity of carrying out integrated palaeoenvironmental multiproxy research and archaeological investigations with high spatial resolution on a microregional scale in the French Massif Central. This appears to be the most suitable research strategy for the study of human mountain management and landscape change during the Holocene (Davies, 2007; Ejarque et al., 2009 Ejarque et al., , 2010 Palet et al., 2007) . This would also provide the basis for re-assessing how interactions between environmental (mainly climatic) and cultural, social, demographic and economic factors affected land-use dynamics reconstructed in the French Massif Central.
